TOUCH SENSOR SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to and claims priority from earlier filed 
provisional patent application No. 60/443,332, filed January 29, 2003. 
BACKGROUND OF THE INVENTION 

The present invention relates generally to electronic switches and 
controls. More specifically, the present invention relates to an electronic 
interface for controlling the sound of an audio device, such as a CD player. 

It is well known in the prior art that .touch sensors are, essentially, simple 
electronic sensors that are on the principle of capacitive coupling of an AC 
voltage source through the human body. Since the human body has a large 
surface area compared to most electronic buttons and sensors, it will have a 
larger capacitive coupling to the voltage source than the sensor itself. When a 
person touches the sensor, such as by a finger, the net result is that the 
voltage signal on the sensor is increased due to the better capacitive coupling. 

This technology is applicable to devices which are plugged into a mains 
AC source. In America, the standard is 120VAC and the frequency is 60Hz. In 
many locations this standard can be different. Some locations may have higher 
or lower AC voltages and may hove higher or lower frequencies. In the context 
of touch sensors, it is assumed that such an AC source may vary between, for 
example, about 90VAC and about 264VAC worldwide and between about 47Hz 
and about 63Hz in frequency. It should be understood that these are just 
examples of voltages and frequencies that can accommodate a touch sensor 
and that other ranges of voltages and frequencies can be used. 
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In the prior art, the operability of touch sensor technology depends very 
heavily on a controlled environment with known parameters. In such an 
environment, it is very simple to build a sensor that can determine if someone 
has touched it. An example of such a controlled environment is as follows: 

1) No other nearby devices or wiring will add or subtract 
significantly to the AC voltage coupled to the person who 
touches the sensor or the sensor itself; 

2) The device itself emits a known AC mains signal; 

3) The device is always installed in the same type of location; and 

4) It is not possible for the person to ground his/her body. 

An example of a such a device that would meet these criteria is an 
automatic teller machine. The device is stand-alone and there are no other 
nearby devices. The device will always have roughly the same AC mains 
signal emitted as long as it is mass produced. The installer of the device most 
likely will ensure that the locations always have similar wiring. The device is 
made of plastic so a person can't ground his body. 

As can be understood, such a controlled environment cannot always be 
achieved and, therefore, restricts the installation options for the touch sensor. 
This is a significant drawback for known touch sensor devices. For example, a 
useful environment and application for a touch sensor is consumer electronic 
equipments, such a stereo equipment and disc jockey ("DJ") equipment. DJ 
equipment, an ideal environment for use of touch sensors, is particularly 
problematic because the equipments is frequently moved from location to 
location and is subject to vastly differing environments with different voltage 
supplies, different levels of static electricity, for example. As a result, use of a 



touch sensor in DJ equipment is not practical because there are too many 
variables and performance of the touch sensor will be inferior and, therefore 
undesirable. 

[08] Many attempts have been made in the prior art to address the 

shortcomings of known touch sensors when used in DJ equipment and other 
electronics. For example, the equipment has been placed on a metal surface 
for the purposes of attempting to shield the signal from AC sources. If the 
equipment with the touch sensor is placed in a high static environment, often 
the DJ will pick up a static signal which is far greater than the AC source pickup 
resulting in erratic touch sensor performance. Also, it is common for such 
equipment to be placed next to a mixer which results in the DJ frequently 
grounding his/her body through the mixer when working with a CD player and 
mixer together which again makes use of a touch sensor very difficult. 
Furthermore, the use of equipment in many places through the world, each with 
different AC mains grounding and different proximity to AC power sources, 
makes it very difficult to achieve satisfactory touch sensor performance. 

[09] Therefore, in view of the concerns discussed above, it would be desirable 

for a touch sensor that has high performance regardless of the operating 
environment. It is also desirable for a touch sensor to be resistance to 
environmental static electricity and still perform as desired. Further, is also 
desirable for a touch sensor to be resistant to periodic grounding by the user. It 
is further desirable for the touch sensor that can perform as desired even when 
placed close to an AC source. 
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SUMMARY OF THE INVENTION 
The present invention preserves the advantages of prior art touch 
sensors. In addition, this touch sensor provides new advantages not found in 
prior art touch sensors, and overcomes many of the disadvantages of such 
touch sensors. 

The invention is generally directed to a novel and unique touch sensor 
system and method for operating the same. The touch sensor system of the 
present invention enables a touch sensor control device to be used in a wide 
array of environmental conditions. The touch sensor system of the present 
invention has particular application in providing a touch sensor control in DJ 
equipment which is typically operated in different environments where certain 
parameters, such as voltage and static level, cannot be precisely controlled. 

The preferred embodiment of the touch sensor system of the present 
invention includes The touch sensor system and a method of operating the 
system is provided to detect the touch of a person. An AC power source is 
provided with an isolated power supply connected to thereto with a DC voltage 
source output. The DC voltage source is referenced to ground. An impedance 
limiting circuit is connected to the output of the DC voltage source. An analog- 
to-digital converter is connected to the impedance limiting circuit. A processor 
is connected to the analog-to-digital converter with the touch sensor connected 
to the impedance limiting circuit. The touch sensor is capacitively coupled to 
the AC power source. The waveform output of touch sensor is monitored and 
with the waveform output as an OFF reference waveform when the touch 
sensor is not being touched and the waveform output is stable being calculated 
and saved. The lack of contact with the touch sensor by the body part is 



indicated by the system when the waveform output is less than 2 times the OFF 
reference waveform and contact of the touch sensor by the body part is 
indicated when the waveform output is more than 2 times the OFF reference 
waveform. 

The method of operating the touch sensor system of the present 
invention includes the calculating and saving of an OFF reference waveform 
when the touch sensor is not being touched as well as an ON reference 
waveform when the touch sensor plate is being touched. These references are 
employed by the method of the present invention to compensate for the effects 
of static electricity, changes in environmental voltage and grounding to ensure 
that the touch sensor system operates effectively. 

In use, the touch sensor system can be incorporated into a wider range 
of equipment and devices that was previously achievable with prior art touch 
sensor systems. The touch sensor systems, such as in DJ equipment, can be 
used to control virtually any type of parameter of the music, such as volume, 
fading, scratching, and the like. 

It is therefore an object of the present invention to provide a touch sensor 
system and method that is greatly improved over prior art touch sensor 
systems and associated methods. 

An additional object of the present invention is to provide a touch sensor 
system and method that can be installed as a controller in electronic 
equipment. 

Another object of the present invention is to provide a touch sensor 
system and method that greatly reduces, if not eliminates, the effect of static 
electricity on the performance of a touch sensor control. 



It is another object of the present invention to provide a touch sensor 
system and method that greatly reduces, if not eliminates, the effect of 
changes in the AC source on the performance of a touch sensor control. 

It is a further object of the present invention to provide a touch sensor 
system and method that greatly reduces, if not eliminates, the effect of 
grounding by the user on the performance of a touch sensor control. 

It is yet a further object of the present invention to provide a touch sensor 
system and method that can operate effectively in a wide range of operating 
environments. 

It is another object of the present invention to provide a touch sensor 
system and method that is more reliable than prior art touch sensor systems. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features which are characteristic of the present invention are 
set forth in the appended claims. However, the invention's preferred 
embodiments, together with further objects and attendant advantages, will be 
best understood by reference to the following detailed description taken in 
connection with the accompanying drawings in which: 

Fig. 1 is a schematic block diagram of the touch sensor of the present 
invention; 

Fig. 2 is a graph of the waveform through the touch sensor of Fig. 1 
showing a static discharge, a reference OFF waveform and a reference ON 
waveform; 

Fig. 3 is a graph of the waveform through the touch sensor of Fig. 1 
showing a gradual change in AC pickup when the sensor is not being touched; 



[26] Fig. 4 is a graph of the waveform through the touch sensor of Fig. 1 

showing an electrical static charge buildup thought the touch sensor; 

[27] Fig. 5 is a graph of the waveform through the touch sensor of Fig. 1 

showing when a user is holding a hand over the sensor without touching it and 
then touching a grounded object; 

[28] Fig. 6 is a graph of the waveform through the touch sensor of Fig. 1 

showing when a user touches and releases a hand from a grounded source 
while touching the sensor; and 

[29] Fig. 7 is a schematic block diagram of an alternative embodiment of the 

touch sensor of the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[30] The touch sensor of the present invention address and solves all of the 

known foregoing problems associated with prior art touch sensors in the 
industry in a very methodical and efficient manner. 

[31] Referring first to Fig. 1, a schematic block diagram of the touch sensor 

system 10 the present invention is show. The system employs an AC power 
voltage source 12 which provides electrical power through a power supply 14, 
such as an isolated power supply, to provides a DC voltage 16. The DC 
voltage 16 is preferably referenced to ground 18. The ground 18 ideally is 
connected to the ground from the voltage source 12 or grounded equipment 
20. 

[32] The touch sensor system of the present invention includes a conductive 

material sensor plate 22 which is connected through a high impedance circuit 
24 and referenced to a DC voltage 16. The conductive material sensor plate 
22 is preferably conductive carbon but may be made of other materials that are 
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suitable for conducting electricity. The DC voltage reference 16 allows the 
touch sensor plate 22 to detect a body part, such as a finger of a user, touching 
the sensor plate 22 while also touching grounded equipment 20. The 
impedance 24 is selected to be high enough to limit the current which could 
possibly cause an unpleasant touch sensation. For example, the impedance is 
preferably set to 1 Megohm but could be other levels of impedance depending 
on the application and environment of operation. In addition, the high 
impedance is necessary to guarantee that the incoming signal is not 
significantly reduced. 

Still referring to Fig. 1, the high impedance circuit 24 also, preferably, has 
built into it a low pass filter (LPF) which is designed to allow pass-through of 
about 47-63 Hz signals from the AC power voltage source 12 but filter signal of 
higher frequencies. This filtering by the high impedance circuit 24 is essential 
because higher frequency signals have much better capacitive coupling than 
lower frequency signals. As a result, the LPF ensures that high frequency 
signals emitted by other electronic components are eliminated. 

The filtered output of the LPF is passed through an analog to digital 
converter 26. In the preferred embodiment, this is preferably a voltage 
controlled oscillator but may be other devices, such as a standard A/D 
converter which is also acceptable. The digital output of the A/D converter 26 
is then fed to processor 28 for interpretation and processing of the data. From 
this processed data, it is determined, with accuracy and reliability, whether or 
not a person is touching the touch sensor plate 22. 

More specifically, the processor 28 performs many functions on the digital 
information received from the A/D converter 26. Details of the processing of 



8 



waveform signal data by processor 28 is illustrated in Figs. 2-6. Referring 
next to Fig. 2, a graph of the waveform received by the processor is shown. 
The waveform is generally divided into three sections, namely, a static 
discharge section 38, an non-contact section 30 and a contact section 31. To 
optimize performance of the touch sensor system, the processor 28 first 
identifies a fundamental frequency on the signal 30 picked up by touch sensor 
plate 22 without contact by the human body 32. This fundamental frequency is 
the same whether or not somebody touches the sensor because this is simply 
the AC power source 12 frequency, which is approximately 47-63Hz. The 
processor 28 executes an auto-correlation between adjacent data segments 34 
and 36 of waveform section 30 to find a fundamental frequency within this 
range. In addition, the processor 28 will only do this if it finds a voltage 
waveform which has a stable amplitude and frequency so that transients from 
static discharge, represented by waveform section 38, do not affect this 
fundamental frequency calculation. 
[36] Starting from power-on of the touch sensor system 10, the processor 28 

continuously computes an OFF reference AC voltage 40. The processor 28 
only computes this reference AC voltage 40 while it determines that the sensor 
plate 22 is not being touched. For simplicity, the processor 28 will always 
assume that sensor plate 22 is not being touched on power up of the system 
10. 

[37] The touch sensor system and associated method of operation of the 

present invention uniquely operates to compensate for changes in AC voltage. 
As seen in Fig. 3, the processor 28 continually computes the OFF reference AC 
voltage 40 to adjust for gradual changes in the AC pickup on the sensor plate 
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22. For example, the OFF AC reference voltage 40 increases slightly at point 
46. As a result, the OFF AC reference voltage 40 is re-adjusted accordingly 
and saved by the processor. Such changes in the OFF AC reference voltage 
40 commonly occurs if the body part 32 gets closer and then farther away from 
the touch sensor plate 22. In addition, the OFF reference voltage 40 is always 
saved by the processor 28, the use of which will be described in detail below. 

[38] Referring back to Fig. 2, when a body part 32 touches the sensor plate 

22, the AC voltage signal 30 on the sensor plate 22 increases dramatically at 
42. The processor 28 interprets the rapid increase in voltage to waveform 31 
as a body part 32 of a user touching the sensor plate 22. This increase to 
waveform 31 is specifically the increase over the stable AC reference voltage 
30. This assists in elimination of problems that occur if static 38 or other 
voltage sources, such as from device turn on and turn off, temporarily cut out 
the AC voltage signal 44. 

[39] The touch sensor system of the present invention also compensates for 

when someone touches the sensor plate 22 and the DC voltage level changes 
dramatically. This is shown in connection with Fig. 3. This can occur either 
because the user's body becomes electrically charged with static 48 or 
because the a body part 32 has touched a grounded piece of equipment or 
device 20 at point 50. Such a DC level change is interpreted to be a sensor 
touch to plate 22. The threshold for determining a DC change is that it is high 
enough to prevent signal noise from triggering it and low enough so that a 
person who is well grounded will greatly reduce or eliminate the incoming AC 
signal 44. 



One problem with this is that there are many situations which can create 
sudden increases in AC voltage 44. For example, one situation is when a 
nearby device is turned on. So, as a result, the touch sensor system 10 must 
only activate if the voltage level 44 increase is large enough. Nearby devices 
turning on will typically increase the AC pickup by 50%. However, a person 
touching the sensor plate 22 will increase the signal pickup by a factor of 4 in 
the preferred embodiment. These numbers will increase with increased 
surface area of the sensor plate 22 so it is critical these numbers are adjusted 
as such. These numbers are based on a flat metal plate sensor 22 
approximately 4 inches in diameter which is made of conductive carbon, for 
example. This is resolved simply by arbitrarily determining that a sudden 
change of voltage by more than 3 times is interpreted as a body part actually 
touching the sensor as shown from point 36 to point 31 in Fig. 1 . 

Fig. 5 illustrates another situation when a body part, such as a hand, is 
held over the sensor plate 22 without touching it and then touching a grounded 
object at point 52. In this situation, releasing the other hand of body part 32 
from the grounded equipment 20 will also create an increase in AC peak to 
peak voltage by more than 3 times from 52 to 54. Processor 28 address this 
situation by remembering the AC voltage from the sensor plate 22 at position 
31 of Fig. 1 , known as the ON reference AC voltage 56. If the sudden increase 
in voltage is still less than 1/1 0th of the ON reference AC voltage 56, then the 
processor 28 knows that the signal 44 in the present environment is still too 
small to be interpreted as a sensor touch to plate 22. This also allows for 
tolerance due to the environmental AC signal changing slightly. 
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Normally there is enough capacitive coupling 58 in the sensor 
environment that this touch sensor system 10 will typically work with no 
problems. One practical problem with the sensor implementation is that in 
some environments, there is little or no AC signal for getting picked up by the 
sensor. This is resolved by ensuring that the product itself incorporating the 
sensor emits its own AC signal from the mains AC source 12. This is done by 
using two Y-capacitors 60, 62 in the capacitive coupling 58. One connects 
from the AC line input to a metal plate 22 and the other connects from the AC 
line neutral to a metal plate 22. This plate 22 is oriented to maximize the 
surface area which can couple to a person standing in front of the sensor 
system 10. It is also placed to minimize direct coupling to the sensor itself to 
maintain a large difference between contact and non-contact voltage levels. 

The Y-capacitors 60, 62 are sized so that they are much larger than the 
capacitive coupling 58 from the metal plate 22 to the person standing near the 
sensor. Since the latter is only a few picofarads, using Y-capacitors 60, 62 of 
about 330pF are adequate for this purpose. It is desirable to keep these 
capacitors 60, 62 small for safety reasons; if the metal plate 22 shorts to a 
grounded object, the current is limited to a very safe level of under 0.1 mA. 

Static has many unusual effects in conjunction with the operating of the 
system of the present invention. For example, the signal pickup from the 
sensor 22 can change dramatically when a person walks on a carpet while 
holding the touch sensor 10 as in 48 in Fig. 4. As a result, the processor only 
computes an ON reference AC voltage 56 when the AC signal is stable as 
shown at point 13. The signal at point 48 is actually a very low frequency 
signal. The problem is that it cannot be filtered out because the frequency can 
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often temporarily fall very close to the 47-63Hz main AC voltage. But typically 
the static signal isn't constant frequency so waiting for an AC signal which has 
a stable frequency and magnitude solves this problem as what can be carried 
out with the present invention. 

[45] Another interesting static effect is that there may be a single or even 

multiple static discharges 38, as seen in Fig. 2, which will cause extremely 
large and sudden voltages that might get picked up by the system 10. Since 
the processor 28 has already determined a fundamental frequency 40 of the 
signal 44 as shown above, the processor 28 simply does a cycle-to-cycle 
comparison of the AC signal 44. The processor 28 first doubles the single 
cycle data from the previous AC voltage cycle going into the processor 28. If 
more than half of the samples of the current AC voltage cycle exceed the 
doubled previous cycle magnitude, then the change in voltage is determined to 
be a sensor touch. If it is less, than the voltage change is ignored and the 
processor 28 doesn't mistake the static signal for a sensor touch. 

[46] The release of the sensor 22 depends on the signal received by the 

processor 28 being less than 1/3 of the off reference voltage computed at 14 
and 15. Having the OFF reference voltage 40 ensures that the processor 28 
hasn't inadvertently used a transient for the OFF reference voltage 40 or even 
worse, the off reference was changed by a static discharge. 

[47] The OFF reference voltage 40 from point 34 to point 36 has another use 

which is illustrated in Fig. 6. There may be a situation where a person touches 
the touch sensor plate 22 at point 66 and then releases the plate 22 at point 68 
with a body part 32 from a grounded source 20 while touching the sensor plate 
22. In this case, when the DC level disappears, the processor 28 looks to see 
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if the remaining AC level 68 is more or less than 1/3 of the OFF reference 
voltage 40 from point 34 to point 36. If a body part 32 of a user is still touching 
the sensor plate 22 then the voltage will be higher and the processor 28 will 
correctly determine that someone is still touching the sensor plate 22. If the 
voltage is lower, then the processor 28 will correctly determine that the person 
touching the sensor has stopped touching the sensor. 

In the alternative embodiment 100 of Fig. 7, the AG line input 1 is 
replaced by an AC input 1 of source 12 which can be doubled by a power 
transformer 64 used to power the device 10. In this application, the AC line 
input goes to the transformer center tap and the doubled voltage tap is used. 
This doubled voltage tap is commonly available on transformers designed for 
use in either 1 10-1 20V or 220-240V countries. 

In accordance with the present invention, it is assumed that such an AC 
source may vary between about 90 VAC and about 264 VAC worldwide and 
between about 47Hz and about 63Hz in frequency but the voltage or frequency 
can be different without changing the scope of the invention. 

It can be understood that various devices, circuits and materials can be 
employed to carry out the touch sensor system 10 of the present invention. For 
example, the materials of the sensor plate 22 itself may be altered and the type 
and range of LPF can be modified to suit the application and environment at 
hand. Thus, the invention includes the unique and novel processing of the 
signal from the A/D converter 26 to determine when the touch sensor plate 22 
has been touched or not so that it can be effectively used as a controller for a 
piece of electronic equipment. 
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In view of the foregoing, an enhanced interface that employs a touch- 
sensitive scratch wheel, with high response, can be incorporated into a CD 
player. As a result, unprecedented realism in digital mixing and scratching can 
be achieved while simultaneously using an array of effect. 

It will be appreciated by those skilled in the art that various changes and 
modifications can be made to the illustrated embodiments without departing 
from the spirit of the present invention. All such modifications and changes are 
intended to be covered by the appended claims. 
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